Direct reanalyses of over 57 000 interview responses to 35 noise sources in 20 social surveys and reviews of publications for over 12 000 additional responses to 16 noise sources in 13 social surveys show that residents' reactions to an audible environmental noise ͑a target noise͒ are only slightly or not at all reduced by the presence of another noise source ͑ambient noise͒ in residential environments. The direct reanalyses account for type of noise source ͑aircraft, road traffic, railway, impulse noise͒, type of noise reaction question, type of activity disturbance, quality of noise data, type of regression analysis model ͑linear, logit, probit͒, two noise metrics ͑DNL, L Aeq ), and ten personal characteristics. Although there is considerable variation from survey to survey, the best direct estimate is that approximately a 20-dB increase in ambient noise exposure ͑95% confidence interval of 15-50 dB͒ has no more impact than approximately a 1-dB decrease in target noise exposure. Tabulations of 12 findings from laboratory studies in which subjects rated periods of multiple noise events also found that target noise annoyance is not consistently reduced by ambient noise. © 1998 Acoustical Society of America. ͓S0001-4966͑98͒06809-X͔ PACS numbers: 43.50. Qp, 43.50.Lj, 43.50.Ba ͓MRS͔
INTRODUCTION
Studies in laboratory settings find that perceptions of the loudness of audible tones are reduced in the presence of a second, ambient noise. Figure 1 from a classic laboratory perceptual study shows that the loudness of a target tone presented at a fixed SPL of, for example, 60 SPL is no longer perceived to be the equivalent of a 60 SPL tone when an ambient noise is present. Instead the 60 SPL tone is perceived to decrease to the equivalent of about a 58 SPL tone in the presence of a 50 SPL ambient noise and then further to the equivalent of about a 30 SPL tone in the presence of a 80 SPL ambient noise.
As a corollary to these tone-perception studies, it has long been assumed that in residential settings annoyance with one audible noise ͑e.g., aircraft͒ will be reduced in the presence of another noise ͑e.g., road traffic͒. This article tests that assumption by analyzing all of the interview data that could be obtained from community social surveys of residents' reactions to one noise ͑the target noise͒ in neighborhoods with the presence of a second noise source ͑the ambient noise͒. In this article a ''target'' noise is the noise a respondent is asked to rate in a particular question. Aircraft noise is the target noise in this four-point verbal scale question:
''Taking all things into account, how much would you say the noise from aircraft around here bothers or annoys you: Very much, Moderately, A little, or Not at all? '' In this article, the term ''ambient'' noise can refer to a single other noise source, not necessarily the sum total of all other background noises. In one questionnaire the same noise ͑e.g., aircraft noise͒ can be the ''target'' noise in one question and the ''ambient'' noise in relation to a second question that asks about another target noise source ͑e.g., road traffic͒. Reviews of previous discussions and research suggest two types of models for the relationship of target noise reactions to target and ambient noise exposure levels: the uniform ratio model and the varying ratio model. The central element of the uniform ratio model is the ambient effect ratio ͑''R'' in this article͒. A negative value of R is implicit in the common assumption that high ambient noise levels will reduce the impact of target noise. A value of RϭϪ1 means that reactions depend on only the difference between target and ambient levels. The varying ratio model is represented by the relationships shown in Fig. 1 in which the ratio of the effect of target and ambient noise varies in some complex way that has not been expressed in a simple mathematical model. The uniform ratio model is defined as a ratio of coefficients from the regression of annoyance on the target noise exposure level ͑regression coefficient B T ) and the ambient noise (B A ), RϭB A /B T . The uniform ratio model can be represented by either of three regression models:
͑1͒ the linear regression model in which the effects of the factors are assumed to be additive:
͑where Y i ϭtarget annoyance score of individual i, a ϭintercept, B T ϭlinear regression coefficient for target noise level, T i ϭtarget noise level for individual i, B A ϭlinear regression coefficient for ambient noise level, A i ϭambient noise level for individual i, and U i ϭresidual variation associated with individual i); ͑2͒ the logistic regression model in which the effects are assumed to be multiplicative:
͑where eϭbase for the natural logarithm, aϭlocational parameter, B T , B A ϭindicators of the steepness of the slopes, and other parameters are as described in the previous equation͒, or ͑3͒ the probit regression model ͑''normit'' model͒ based on a normal rather than logistic distribution:
2 /2 dU i . ͑3͒
The logit and probit distributions are almost indistinguishable. The probit distribution's slightly ''thinner tail'' should be unimportant in this article ͑Hanushek and Jackson, 1977, p. 188͒. The simple, dichotomous logistic regression model is used for estimating parameters for predicting truly dichotomous events ͑e.g., complaining or not complaining to authorities͒. For most annoyance measures, however, the underlying annoyance response is not a simple dichotomous response. Residents' reactions differ in degrees that are commonly captured with questions in which the respondent chooses from a number of numerical or verbally ordered ratings ͓e.g., ''On this scale from 0 ͑not at all disturbed͒ to 10 ͑unbearably disturbed͒ how do you rate aircraft noise?''͔. The linear regression model captures this information by assuming that each of the adjacent answers to an annoyance question are separated by the same sized interval and thus, for example, the alternative answers of being ''not at all, a little, moderately, very much'' annoyed can be scored with the equally separated scores of 1, 2, 3, and 4. The cumulative logistic regression model used here does not make that assumption. This model captures some of the information contained in the order of the responses with a single slope parameter, but a separate locational parameter for the cumulative responses up to each point on the response scale ͑Agresti, 1989; DeMaris, 1992͒.
I. DATA FOR COMMUNITY RESPONSE ANALYSES
All of the 363 community noise surveys found in English language publications by the end of 1995 were examined for evidence on ambient noise impact ͓Fields ͑1991͒ catalogs 319 of these surveys͔. A total of 32 social surveys were identified that meet the following six criteria for the present article: ͑1͒ The survey sought the respondent's direct reaction, feeling or rating. ͑2͒ The reaction question specified that ''noise'' or ''sound'' was to be rated. ͑3͒ The reaction question explicitly named the noise source. ͑4͒ The inquiry concerned reactions at the respondent's residence. ͑5͒ The noise exposure from the target noise source was determined. ͑6͒ Ambient noise was either measured or indirectly represented by a surrogate indicator ͑e.g., rural or urban area͒.
Each of the 32 surveys therefore had some indicator of the noise exposures from two noise sources. Since 19 of the 32 surveys asked respondents about both sources, a total of 51 data sets could be evaluated that contained over 70 000 evaluations of noises by over 45 000 respondents.
Steps were taken to attempt to obtain as complete and accurate information as possible about the 32 study designs, social surveys, and the accompanying 51 noise sources. The most complete, original-language reports were obtained and usually translated. The original researchers were sent detailed data-request forms to attempt to obtain more than 50 pieces of information about the social survey and noise measurement programs. Ambiguities were directly checked with these researchers. The original-language questionnaires were acquired for 31 of the 32 studies. The original respondentlevel, social survey data file was obtained whenever possible.
Two different types of analyses could be performed with the 51 data sets. For 35 data sets ͑20 surveys͒ a standard, direct analysis of the original data was performed to directly estimate the ambient effect ratio ͑see Sec. II͒. For the remaining 16 data sets ͑12 additional surveys and one noise source from one of the previous 20 surveys͒ a weaker metaanalysis was performed to indirectly gauge the approximate importance of ambient noise using whatever type of information was presented in the publication ͑see Sec. III͒.
For the 35 data sets in the direct analysis, the annoyance data and acoustical indices were defined in the most comparable way possible before being merged into a single large data set in which each record was either a single interviewtarget noise evaluation ͑51 807 from 29 data sets͒ or a group of evaluations ͑often a study site͒ that was weighted to represent the number of interviews in the group ͑6 175 evaluations from six data sets͒. The annoyance data were prepared to produce at least one general target noise annoyance index for each data set, up to 17 other direct and indirect annoyance indicators, and as many as ten explanatory variables ͑see Table III͒ . These 18 annoyance indicators were defined by the concepts measured ͑e.g., general annoyance, sleep dis-FIG. 1. Masked loudness functions obtained by adjusting the masked tone to equal the loudness of the tone in quiet ͑from Stevens and Guirao, 1967, p. 463͒. turbance, etc.͒, but did not need to be scaled with the same numbers of scale points since the final objective is to calculate the ratio of regression coefficients (R), not the values of the individual regression coefficients. The general ''Multipoint question'' ͑defined in Table AI͒ that enters in many analyses is any single, multi-point question about annoyance with the noise source. This question is the dependent variable in cumulative logistic regression analyses. The general annoyance index ͑''Multi-item index'' in Table AI͒ , the only reaction measure defined for every data set, is the average score of all the general questions about annoyance with the noise source after each was scored from 0 to 10. By combining several questions this index obtains a theoretically more reliable estimate of the respondent's position on the underlying annoyance dimension. This index is the dependent variable in linear regression analyses.
The available noise data for the two noise sources ͑target and ambient͒ for each of the 20 surveys were analyzed to provide estimates of both the 24-h, A-weighted, equivalent continuous sound level (L Aeq ) and the day-night average sound level ͑DNL͒. In an attempt to create comparable noise exposures, the various studies' noise exposure assessment procedures were examined to ensure comparability in time periods, noise events included and position ͑noisiest facade for the source with reflection effects removed͒. Each data set was then graded from Grade A to D depending upon the presumed accuracy of the derived estimates of DNL and L Aeq . These two indices were used because they could be determined for large numbers of data sets and they are most likely to be relevant for regulatory purposes. Precise tests of many aspects of ambient noise theories would require more detailed data about the temporal and spectral characteristics of target noise events and the general background noise environment. Such data are not available for enough interviews to provide a sound basis for study. The survey publications do not mention that intermittent noise events were ever totally masked by the more pervasive types of noise sources ͑such as road traffic͒. In the absence of such indicators, it has been assumed that the investigators in these studies are reporting the noise levels from events that were audible outside dwellings. Additional information about the social survey data, noise data processing procedures and the noise quality grading procedure can be found in Table AI .
II. RESULTS FROM DIRECT ANALYSES OF 35 TARGET NOISE EVALUATIONS
This section provides the strongest tests for ambient noise effects in residential areas. Three techniques are used to examine the 35 target-noise data sets. First, the data are examined in figures. Second, the total-data-set regression analyses estimate the ambient effect ratios for the uniform ratio ambient response model. Third, subgroup regression analyses test the varying ratio model by examining responses within subgroups, including those defined by ranges of target/ambient differences.
A. Graphical displays
Relationships are first evaluated by examining a visual display of the degree of reaction in each target and ambient noise group in each of the 35 data sets. In Fig. 2 , for example, each data point summarizes the reactions to aircraft noise on the multi-item index of at least 35 respondents by aircraft noise level at three road traffic ambient noise levels for a 1969 study around Heathrow airport. Thirty-five such figures were examined in the complete study report to determine whether the pattern of responses supported the uniform ratio model, the variable ratio model, or any other obvious pattern ͑Fields, 1996, Appendix E͒.
Only 2 figures ͑including Fig. 2͒ of the 35 figures in the complete report support the conventional expectation that target noise annoyance decreases as ambient noise levels increase. One figure supports the opposite pattern. The 32 remaining figures do not clearly support any model over all target noise levels or over any lesser 20-dB range of target noise levels. The type of noise source and quality of the noise data do not obviously differentiate the patterns found in the figures. Two of the data sets with the most consistent patterns ͑including Fig. 2͒ are in the lowest data-quality group.
The evidence from the 35 figures suggests that target noise annoyance consistently increases with increasing target noise levels, but that ambient noise has no clear effect. Given the variability present in these community survey data it is necessary to use more sensitive, multivariate statistical techniques to determine whether an ambient noise effect is present and statistically significant.
B. Multiple regression analyses to test the uniformratio model
Support for the standard, uniform-ratio model of ambient noise impact is tested in this section by directly estimating the value of the ambient effect ratio (R) from linear and nonlinear regression analyses. As was explained earlier, the ambient effect ratio (R) is defined by the ratio of the unstandardized regression coefficient for ambient noise di- vided by the unstandardized regression coefficient for target noise. This section summarizes the results from over 1200 regressions for 57 regression models that were performed and documented for the 35 data sets in the complete study report ͑Fields, 1996, Appendix D͒.
Overall estimates of the ambient effect ratio using target-noise reaction questions
The ambient effect ratio has been calculated for 39 regression models using target-noise reaction questions. Table  I presents the results from each of the 35 data sets for 1 of The ratios in these rows are the mean R weighted by the number of interviews in each survey.
these 39 models, a linear regression model predicting the multi-item, direct annoyance index score ͑scored from 0 to 10 for every study͒ from the target and ambient noise levels. Each data set is represented by a row in the Tables I and II were calculated using the jackknife replication method that yields estimates of sampling errors that are appropriate for clustered study area data ͑Lee et al., 1989͒ such as that found in community noise surveys ͑Fields, 1996, Appendix H.1͒.
1
The linear regression model used in Table I may be criticized because the annoyance is measured by an arbitrary assignment of numerical values to the words used in annoyance scales. The logistic regression model, as explained earlier, avoids this assumption by analyzing proportions of respondents above a certain degree of severity. This is illustrated in Fig. 3 in which the 22 data points represent the percentage ''very much'' annoyed for a 1976 Heathrow survey. The five logistic regression curves with a single shape estimate the percentage ''very much'' annoyed by aircraft noise in five road traffic noise environments extending from 20 to 90 dB ͑LAeq͒ and illustrate how a regression analysis evaluates data from 22 differentially sized data points to identify patterns that are not apparent from visual inspection. The curves at 20 and 90 dB are extrapolated beyond the observed 40-to 70-dB range of ambient noise exposure and the observed target noise to clearly show the shape of the curves.
The values of the ambient effect ratios for each of the 35 data sets have been calculated for a logistic regression model just as they were for the linear model in Table I . This time, however, Fig. 4 graphically presents the values of these ratios ͑identified by a symbol͒ and their standard errors ͑rep-resented by thin lines͒ grouped by target noise source. These ratios come from a cumulative, ordered logistic regression analysis of a single multi-point question from each survey on target and ambient noise. Each study is identified along the bottom scale by its catalog number.
A simple count of the 35 ratios indicates that 25 of the linear ͑Table I͒ and 22 of the logistic ambient effect ratios ͑Fig. 4͒ are negative ͑in conformity with the conventional assumption that ambient noise inhibits annoyance͒ but that only three of the linear and four of the logistic ratios are statistically significant. This is evident in Fig. 4 where all but four of the lines for the 95% confidence intervals cross the Rϭ0.0 line.
A better summary of all of the studies is provided by weighting each study's estimate by its sample size and averaging the results to provide the ''Mean'' estimate represented in Fig. 4 by a dashed horizontal line at RϭϪ0.03 ͑95% confidence interval of Ϯ0.09) and in Table I by the ''Mean'' rows for each type of noise and the 35 data sets as a whole (RϭϪ0.06Ϯ0.09 in last row͒. If both of these estimates are considered, their 95% confidence intervals span the range from RϭϪ0.15 to Rϭϩ0.06. Two other types of weighted means appear in the main report ͑Fields, 1996, Appendix D͒ but were ultimately rejected. Weighting each study equally was rejected because it gives the same importance to a study with 315 respondents as to a study with 5818 respondents. Weighting each study by the inverse of the variance of ''R'' gave estimates that were similar to the numberof-interview weighting method, but was rejected because the estimates of the variance of ''R'' were very unstable for subgroups from studies with small numbers of study areas. Table II summarizes the results from 39 target-noise regression models, including the model presented in Table I . Two rows in Table II contain the ambient effect ratio ͑''Mean R'' column͒ from Table I ͑first row of Table II͒ and Fig. 4 ͑thirteenth row͒. The most valid, direct estimates come from the 39 estimates in Parts I and II of the table, all of which are based on survey questions about target noise annoyance. A striking feature of these estimates is the rather narrow range of values from RϭϪ0.17 to ϩ0.08. Although they encompass both positive and negative estimates of the effect of ambient noise, none indicates that ambient noise has as much as 20% of the impact of target noise and none approaches the assumption that annoyance is a function of the difference between target and ambient noise ͑i.e., R ϭϪ1.00). Part I estimates are for overall annoyance with the target noise. Part II estimates are for annoyance with the target noise when there is speech interference, TV/radio interference, sleep interference, startle or vibration effects. The estimates in Part I vary in the type of regression model ͑lin-ear or logistic͒, noise metric ͑DNL or L Aeq ), the method of scoring overall annoyance ͓multi-item index, single multipoint scale, dichotomous scale of any annoyance or dichotomous scale of high annoyance ͑as defined in Table AI͔͒ , and whether any of ten different control variables are introduced. Some uncertainty is introduced in comparing the analyses because, as the last column indicates, only 9 of the 35 data sets are included in the indirect rating analyses and from 7 to 29 are included in the analyses with control variables.
After considering the range of conditions in Table I it is proposed that the best conclusion from the data presented in this article is that the value of the ambient effect ratio lies between RϭϪ0.15 and Rϭϩ0.06, the 95% confidence intervals for the simple linear regression of the multi-item in- The ratio (R) is the average of each survey's estimate of R weighted by the number of interviews. c The Part III comparison ratings are for 13 regressions of annoyance differences ͑road traffic versus other annoyance͒ on road traffic noise and other noise ͑i.e., each study provides a single estimate͒. Including a second data set from the same study would be redundant since the same annoyance ratings would enter in both analyses ͑with opposite signs͒. dex on L Aeq of RϭϪ0.06 and the logistic regression of the multi-point index on L Aeq of RϭϪ0.03. Both estimates weigh the individual data set estimates by their sample sizes, utilize the data from all 35 data sets and are based on annoyance measures that extract considerable information from the reaction questions. L Aeq is less sensitive than DNL to errors in assumptions about nighttime exposures in some data sets. The preferred values of RϭϪ0.06 and RϭϪ0.03 are encompassed by the 95% confidence intervals of 39 of the 41 direct and indirect estimates of the ambient effect ratio in Table II. a͒ Conclusion. This analysis of the best available data shows that the presence of a second, ambient noise does not reduce or only slightly reduces annoyance with an audible target noise. The small size of these effects and the implications of their confidence intervals are perhaps clearer when the ambient effect ratio is expressed as the number of decibels of ambient noise that have the same impact as a single decibel of target noise. The logistic model estimate of R ϭϪ0.03 implies that a 30-dB decrease (1/Ϫ0.0331) in ambient noise has no more impact than a single decibel increase in target noise. Even the most extreme proposed estimate of RϭϪ0.15 implies that the 30-decibel decrease in ambient noise has less effect than a 5-dB (4.5ϭ30•Ϫ0.15) increase in target noise.
Testing for ambient effects in subgroups
This section considers the possibility that a strong effect of ambient noise has been obscured by ignoring differences between types of noise sources, adopting too simple an ambient effects model, or ignoring the quality of the noise data.
a͒ Noise source differences. It might be hypothesized that an ambient impact would only be expected for an intermittent target noise ͑such as aircraft͒ against a continuous background ͑such as road traffic͒. Although the average of Table I , this difference is not statistically significant (pϾ0.05) and better evidence does not support the hypothesis. The pair-wise comparison of the ten studies with both aircraft and road traffic evaluations in Table I shows that in seven of the ten comparisons road traffic target noise, rather than aircraft, is more strongly affected by the presence of a second noise source. In addition, the other two intermittent target noises in Table I ͑railway and impulse͒ are less affected by ambient noise than are the traffic noise sources. Similar results were found for the logistic regression analysis summarized in Fig. 4 . The data for similar comparisons for all of the rating measures in Table II are available in the main report ͑Fields, 1996, Appendix D͒.
b͒ Alternative ambient effect models. The classic loudness perception experiments ͑e.g., Fig. 1͒ suggest the possibility that an ambient effect occurs over only a limited range of perhaps 30 dB when target and ambient noises are relatively equal. This pattern was tested with the social survey data in four sets of analyses by examining only those respondents for whom the difference between target and ambient values fell within four 30-dB ranges (L Aeq ). A second possibility is that an ambient effect might only exist at one end of the target noise range. This pattern was tested in four sets of analyses restricted to samples below 50 dB (L Aeq ), above 50 dB, below 60 dB and above 60 dB. None of these eight sets of linear or logistic regression analyses found a statistically significant-ambient effect (pϽ0.05). The values of the ambient effect ratio ranged from RϭϪ0.07 to Rϭϩ0.31 ͑Fields, 1996, Table 7 , Tables D-2.9-D2.12͒. To reduce the possibility that inconsistencies in estimating the ranges of noise values could distort the estimates, these analyses excluded the 18 lowest quality data sets ͑labeled ''Grade D'' in Table AI͒. c͒ Quality of noise estimates. The possibility that an ambient noise impact might be obscured by low-quality noise exposure data has been evaluated. In the absence of firm, statistically-based measures of the precision of the estimates of the long-term exposures ͑e.g., L Aeq for 12 months͒, the noise data were graded into four quality groups ͑Grades A to D in Table AI͒ on the basis of ten quality factors and the range of measured noise levels ͑Fields, 1996, Appendix B͒. Grade A studies, for example, had direct estimates of L Aeq for the nominal microphone location while Grade D studies lacked information about the noise metric or, for surface transportation, the location of the measurements relative to the noise source. No large or statistically significant differences were found in the estimates of the ambient effect ratio between the highest-graded and lowest-graded groups of data sets ͑Fields, 1996, pp. 29-31͒.
Comparisons of the simultaneous ratings of two target noises and the validity of the annoyance questions
Although the analyses in this section have shown that target noise evaluations are not affected by the presence of a second noise, other analyses do show that target noise evaluations are affected by target noise exposure and that a respondent's relative annoyance with two target noise sources is in general agreement with the relative noise exposures from the two target noises. The positive values for B TLAeq in Table I show that target noise evaluations are positively related to target noise exposure in all of the 35 data sets.
In part III of Table II , the difference between the annoyance rating for one target noise and a second target ͑ambient͒ has been regressed on the noise exposure from the two target noises. The strong negative values for the ambient effect ratios (RϭϪ1.21 or RϭϪ0.64) show that annoyance with one target noise relative to that of another target noise is just as expected: as the second target's noise levels become relatively high, the second target's annoyance levels become high, relative to those of the first target. This is true for both the simple classification of whether the first target is more highly scored (RϭϪ0.64) and for the difference between the two scores (RϭϪ1.21).
The estimates in part IV of Table II are for two lowvalidity measures of ambient effects that have occasionally been reported: volunteering target noise annoyance and complaining to authorities. As both of these questions tend to elicit only one noise source mention, they might also be expected to elicit measures of the relative rankings of two target noises rather than a measure of ambient noise impact. The weak, not statistically significant, relationships (R ϭϪ0.03, Rϭϩ0.30) in part IV of Table II do not support that conjecture.
III. RESULTS FROM A META-ANALYSIS OF 16 ADDITIONAL PUBLISHED TARGET NOISE EVALUATIONS
Other community studies have been reported in the noise literature for which the original data could not be obtained and the ambient effect ratio could not be directly estimated. In order to consider these studies, a meta-analysis was conducted by reading the publications, accepting the publications' diverse characterizations of the strength of the ambient noise effect and then tabulating their conclusions.
A. Data and methods
After a comprehensive review of the noise reaction literature some 16 additional ambient effect evaluations were located in 13 surveys. 2 In the absence of an exact estimate of R, the best of five alternative criteria is used to determine whether each of the 16 published findings indicates an ''important'' ambient noise effect. In descending order of validity the three standard ͑effect-size͒ criteria are у3 dB a difference in annoyance scores that is the equivalent of at least a 3-dB difference in target noise exposure between respondents at different ambient noise levels, In four studies ambient levels were not measured but were assumed to be different because of the site location ͑rural or city; rural or nationally representative; resident in a single unit building or resident in a noisier, multiple-dwelling building consisting of many apartments͒.
f ANEF is the Australian Noise Exposure Forecast ͑dB͒ that contains a single weighting for both evening and nighttime hours that is less than the standard NEF nighttime weighting.
у⌬ 5% a difference of at least 5% annoyed at different ambient levels, у0.01r 2 at least 1% of the variance in annoyance is explained by ambient noise. In the absence of the above, the two nonstandard indicators are pϽ0.05 a statistically significant difference between respondents at different ambient noise levels (p Ͻ0.05), Verbal an unqualified, verbal assertion that ambient noise affects annoyance ͑i.e., no qualification such as ''small'' or ''slight''͒.
Each of the 16 study findings was classified by target noise source, ambient noise source, number of respondents, and overall quality ͑Table III͒. Standard quality findings used one of the three standard effect-size indicators given above and also controlled for the impact of target noise levels when drawing conclusions about reactions in different ambient noise exposure groups. A complete discussion of the rationale for these classifications is available elsewhere ͑Fields, 1996, Appendix F͒. Figure 5 shows that 11 of the findings, accounting for the vast majority of the respondents, indicate that the responses in the presence of ambient noise are about the same as those in the absence of ambient noise. Only 3 of the 16 findings, from studies with 978 ͑8%͒ of the 12 512 responses, suggested that there was an important tendency for annoyance with a target noise to be reduced in the presence of high ambient noise levels.
B. Results
If the data in Fig. 5 are reanalyzed taking into account the noise source or the data quality rating, the same conclusions are reached. No important ambient noise effect is found for two of three aircraft findings or four of six road traffic findings. No important effect is found for five of the six standard quality findings. The results and bases for each finding are shown in Table III. The evidence from the 12 512 responses in the 16 published findings in this section is consistent with the evidence from the 57 982 responses for the 35 analyzed reactions in the previous section. If ambient noise has any impact in a residential setting, it is not a strong impact.
IV. RESULTS FROM RATINGS OF NOISE DURING LABORATORY SESSIONS
In this section laboratory studies are examined to determine whether annoyance with complex environmental noises is affected by the presence of other, carefully measured noises in two laboratory rating situations: ͑1͒ when each target noise event is rated separately and ͑2͒ when the total session of exposures to a target noise is rated as a whole.
An attempt to locate all relevant studies published in English by the end of 1995 was made by reviewing eight journals, searching the PSYCHLIT electronic data base, scanning 162 article abstracts, and personally contacting every author of a relevant publication to ask about other publications. A total of 23 findings from 21 laboratory studies were located that contained all five of the following elements: ͑1͒ a target noise is itself rated ͑not the total noise environment͒, ͑2͒ the target noise is a complex environmental noise, ͑3͒ the rating is a subjective rating of the annoyance, loudness, or noisiness of the noise ͑not of its audibility͒, ͑4͒ an ambient noise is simultaneously presented, and ͑5͒ the impact of ambient noise is evaluated by contrasting reactions under conditions that differ in either target or ambient noise levels. The procedures followed and results of the search have been described in greater detail elsewhere ͑Fields, 1996, Appendix G͒. Single noise events were rated in 11 findings from ten studies. In these studies the subject rated a single presentation of a target noise before hearing the next target noise presentation. These studies generally support the pattern found in the tone perception studies. Nine findings ͑eight studies͒ indicated that reactions to a target noise were reduced by ambient noise ͑Berglund et Teffeteller, 1978, 1981; Fidell et al., 1979; Pearsons, 1966; Pearsons et al., 1979; Powell, 1979 ͑2 findings͒; Sternfeld et al., 1974, pp. 14-17; Wells, 1971͒ . Only 2 of the 11 findings did not find the expected pattern ͑Powell and Rice, 1975; Sternfeld et al., 1974, pp. 3-11͒. Total sessions of exposures to multiple target noise events ͑for example, a set of aircraft flyovers͒ were rated in 12 findings from ten studies ͑see Table AII͒. These findings differed from the single event ratings and resembled the findings from the field surveys. Nine either found no support for an ambient noise effect or found that ambient noise increased annoyance ͑Powell, 1978: 1st, 2nd ͑2 findings͒, and 3rd Session Experiments; Powell, 1978: 1st, 2nd, 3rd, and 4th Pilots; Powell and Rice, 1975͒ . Only three studies found that ambient noise reduced target noise annoyance ͑Powell, 1978: 5th Pilot; Powell, 1978: 3rd Session Experiment; Vos and Smoorenburg, 1985͒ . The only one of these later three that found a strong, statistically significant effect ͑Vos and Smoorenburg, 1985͒ was also the only 1 of the 12 findings for which the ambient noise was kept at an unvarying level during the entire rating session. In all of the other studies, the ambient noise fluctuated somewhat during the session so that, as in a residential environment, the subject could occasionally experience individual target noise events in the ab- FIG. 5 . Numbers of studies and responses in studies that indicate that annoyance with target noise stays the same or is reduced or increased to an important extent ͑source: 12 512 ratings of 16 noises from 13 surveys containing 11 549 respondents͒.
sence of high ambient noise levels. This suggests that ambient noise levels may not affect annoyance when, as in the normal living environment, people know what the noise level would be in the absence of ambient noise. In short, those laboratory studies that most closely match the residential environment do not support the traditional ambient noise hypothesis that residents in high ambient noise areas will be less annoyed by target noises.
V. CONCLUSIONS AND DISCUSSION
Laboratory studies show that the perceived loudness of tones and the annoyance with individually presented noise events are reduced in the presence of background noise. However, the present analysis has found that neither field nor laboratory studies show that annoyance with longer-term exposures to multiple noise events is reduced in the presence of a second noise. Because only a summary noise metric ͑LAeq͒ was available for the present analyses, it has not been possible to analyze variations in individual-event levels in rare situations in which target noises are always partially masked by ambient noises. None the less, by examining a wide range of combinations of target and ambient noise levels, the present analysis provides an adequate test for common variations in individual events from transportation noise sources.
It has often been assumed that residents' reactions to a target noise will be reduced if there are other environmental noises present. Why do the data from more than 70 000 evaluations of 51 noise sources by over 45 000 residents from 32 social surveys not show a strong effect of one noise source on the evaluations of another noise source? The wide range of surveys examined, the methods followed in preparing the surveys for this analysis, and the lack of variation in results for stronger and weaker surveys suggest that the answer is not weaknesses in the study methods. Furthermore, carefully controlled laboratory studies led to a similar conclusion.
Since the best available empirical data do not support the expectations about ambient noise impact, it is important to reexamine the theories that hypothesize an ambient noise effect. Except for theories about the perception and detection of partially masked noise events ͑e.g., Fidell and Teffeteller, 1981; Schultz, 1982, pp. 327-328; Stevens and Guirao, 1967͒ , this author has been unable to find explicitly enunciated theories that give the basis for expecting an ambient noise effect. Some theories about reactions in low noise environments ͑Schultz, 1982, pp. 328-330͒ or reactions in apartments with a facade not exposed to a target noise ͑Fields, 1992a, pp. 117-120͒ turn out, on reflection, to be theories about reactions to low-level target noises, not about ambient noise effects. Previous survey publications have almost always implicitly, rather than explicitly, presented theories that ambient noise reduces target noise annoyance. Close examination of three such theories suggests that there are equally strong theoretical bases for hypothesizing that ambient noise should not affect target noise annoyance or should, instead, make residents more sensitive to a target noise.
A. Acoustical-perceptual theories
Acoustical-perceptual theories are based on the type of finding illustrated in Fig. 1 ; perceptions of the loudness of a target noise are inhibited when ambient noise levels approach or exceed those of a target noise level. There are at least three reasons for expecting that such perceptual inhibition is relatively unimportant in the residential environments.
First, because the ambient noise levels fluctuate greatly over time, residents may experience the target noise often enough without an ambient noise present that they form an accurate estimate of the target noise level regardless of the ambient noise conditions. The phenomenon of perceptual constancy may mean that as long as the target noise can be clearly identified, residents correctly estimate the target noise level rather than incorrectly assuming that the target noise is quieter when another noise is present.
Second, research on interior residential noise levels has shown that the total ambient noise environment in residences is dominated by the noises that the individual or other household members generate as they go about their normal daily routines of communicating, listening to audio equipment, performing household chores, moving about their environment or touching things that are close to their ears. If perceptions of a target noise in a residential environment are in fact inhibited by the ambient noise, a second, external transportation noise source would be expected to be a trivial contributor to that ambient noise.
Third, instead of inhibition there may be sensitization. Some residents who are exposed to multiple noise sources may react by becoming generally more aware of all noise sources ͑Schultz, 1978, p. 385͒.
One variant of an acoustical perception perspective is subject to the reductionist fallacy: the assumption that the physical laws that explain a phenomena at one level ͑e.g., the perceptions of individual noise events͒ can be simply extrapolated to the next level of abstraction ͑e.g., feelings about a total noise environment͒. An example is the assertion that people cannot be affected by individual noise events they do not hear. The reasonable part of this assertion is the assumption that people must perceive some instances of a noise source to form a judgment about the source. The fallacy is the assumption that the appropriate model for combining the effect of those events is a summation of only those events that were directly perceived. An alternative model assumes that people use their knowledge about physical phenomena to form their perception of the total noise environment ͑e.g., a noisy aircraft environment continues to be noisy even when I create a masking noise͒. The feelings about the noise environment produced by a single noise source do not need to be the sum of the sound pressure levels that are perceived at a resident's ear any more than the feelings about the visual environment produced by a neighborhood trash dump need to be the sum of the minutes that visual images of a trash dump are processed by a resident's retina. In short, the noise events that are partially or fully masked can affect residents' feelings if residents can estimate the unmasked noise levels of those events.
B. Environmental reference-point theories
Even if a second noise source does not directly affect perceptions, the environmental reference-point theory posits that judgments about the seriousness of one target noise will be reduced if there is another more serious target noise present. This is an understandable assumption for acoustical professionals who deal primarily with acoustical phenomena and limit their theories to acoustical variables. An equally logical alternative assumption is that residents judge the seriousness of target noises relative to the seriousness of other nonacoustical environmental nuisances in the neighborhood. Alternatively, residents may judge target noises relative to portable, omnipresent noise sources ͑people's voices, audio instruments͒ or may make judgments on an absolute, not a relative, basis. Another possibility is that residents judge target noises in their neighborhood relative to noises they have experienced in other neighborhoods. For all of these alternatives a target noise is not judged by reference to another transportation noise within the local neighborhood environment. Of course, the alternative sensitization theory is that the presence of one nuisance in the neighborhood ͑an ambient noise͒ makes residents environmentally more conscious of all environmental problems and thus sets a higher reference point for judging the target noise.
C. Quietness valuation theories
Quietness valuation theories assume that through selfselection or other processes the types of people who choose to live in a quiet area are the types of people who more highly value quiet. Residents who choose to live near a busy highway, for example, are assumed to have already judged that quietness is not highly valued and to thus be similarly insensitive to a second noise, for example, aircraft noise. The alternative assumption is that the value placed on quiet is uniformly distributed across residential areas. Direct evidence for this alternative assumption comes from a previous meta-analysis of the relationship between noise sensitivity and community noise levels for 17 noise ratings by over 31 000 respondents in 16 studies ͑Fields, 1992a, p. 25͒. Selfrated noise sensitivity was compared in high-noise communities and low-noise communities. In that meta-analysis no important differences in sensitivity were found in most studies ͑13 of the 17 noise ratings͒. Of course, the alternative sensitization theory is that some people begin to place a higher value on quietness from all noise sources when they live in an environment with a high ambient noise exposure.
Professional, community noise acousticians' beliefs in the standard quietness valuation theory can be easily explained by their contact with unrepresentative samples of the population at times when new noises are introduced. In this situation, an effective political argument is that residents who do not have other loud noises present should not be subject to a loud environmental noise. This is easily transformed into the untested empirical argument that people who do not have a second noise source present will be more bothered by the presence of a new noise source.
D. Summary
In summary, a careful consideration of the theoretical and experimental bases for forming hypotheses about ambient noise impact does not contradict the empirical findings in this report. If people are exposed to events for which they can develop a logical estimate of their long-term noise exposure ͑in the absence of ambient noise͒, then their annoyance may be related to the actual noise levels of the events, not the sum of the perceived levels of the directly experienced events. In this latter situation ambient noise does not reduce reactions to target noises in either short laboratory rating sessions or residential environments. The multi-point question is used in the cumulative logistic regression analysis in Fig. 4 and in Table II . For study UKD-033 the multi-point question is a volunteered mention of the noise source on an open question.
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The noise quality grade is reduced to Grade D for standard deviations of less than LAeq ϭ3.5.
h Data for 25 noise ranges were aggregated from an unknown number of study sites ͑SWI-035͒.
i ''Heel erg'' and ''Beaucoup'' are translated as ''very much.'' j Index-11 is based on 11 questions, but was collapsed into three scores when published
͑BEL-288͒.
k Road traffic is estimated with a single 10-minute measurement ͑UKD-116͒.
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